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ABSTRACT 
We d i scuss s ome rec ent progr e s s  in the imp act analys i s  
of elas t ic and inelastic diffrac tion. Remarks are made o n  some 
the o r e t ical explan ati ons of the to tal c r o s s - s e c ti on r i s e . 
RESUME 
Nous d i scutons l e s  progre s real is e s  r e c emment dans 
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1 .  - INTRODUCTION 
It is widely believed that diffraction is i;he shadow of absorption 
due to the existence ,  at high energies , of many open j_nelastic channels.  
Unitarity in the s channel gives : 
( 1 ) 
= G e.t + G i.net 
where we have separated the elastic intermediate sta 1;es ( e ) from the 
inelastic ones (n ) in the right-hand summation. This is illustrated 
in Fig. 1 .  The quantities Gel' Ginel 
elastic overlap functions , respectively 
are called the elasti!J and in-
1 ) 
�����-l - Illustration of the s channel unitarity equation, 
If we understand particle production we can calculate elastic 
amplitudes with the help of Eq. ( 1 ) . This is the so --called "s channel 
approach" to diffraction scattering 1 ) ' 2 ) It provid.es us with an alter­
native for the t channel approach in which the diff'ractive amplitudes 
are analyzed in terms of their singularities in the complex J plane. 
The s channel approach is simple and direct and , moreover, has the par­
ticular advantage that even a rather limited knowledge of particle pro­
duction allows one to gain important insight into the behaviour of the 
diffractive amplitudes . 
To use the unitarity equation ( 1 ) we write it in terms of the 
b space amplitudes . Making use of angular momentum conservation we get 
Here , b is the impact parameter of the collision, and hel (s , b ) = Tfi (s , b ) . 
From Eq . (2 ) we immediately see the extremely important result that 
the elastic amplitude at a certain impact parameter b is generated by the 
absorption into the inelastic channels at the same and only the same impact 
parameter. This fact is often expressed by the phrase "uni tari ty is dia­
gonal in b space".  This result follows from angular momentum conservation 
and makes the impact parameter representation very convenient for the study 
of unitarity effects 3 ) 
The three terms of Eq. ( 2 ) have a simple physical interpretation. 
They tell us how the total , elastic and inelastic cro ss-sections , resp ectively, 





"' ( 3 )  
Here , Tni ( s ,b ) is the amplitude for  producing the inelastic state n at 
the impact parameter b .  
I f  the 
for Imhe1 (s , b ) 
Reh el ( s ,  b ) "' O ,  
phase of the elastic amplitude is known, one can solve Eq .  (2 )  




The above way of looking at diffraction as the shadow of the 
inelastic processes immediately raises several interesting questions. How 
close is Ginel ( s ,  b )  to the maximal absorption at b = O ? What is its 
shape and average radius ? What is its s dependence ? More theoretic­
ally , we may ask : how do the individual final states build up Ginel ( s , b ) ? 
Is the average multiplicity n(b)  an increasing or a. decreasing function 
of b ?  If crinel ( s )  is increasing with s, from what impact parameters 
is the rise coming and what kind of processes are responsible for it ? 
T.hese are extremely interesting questions , and they are important in under­
standing the nature of diffraction. 
2. - IMPACT ANALYSIS OF ELASTIC SCATTERING 
We shall now work out Ginel ( s , b )  from the experimental data. 
Accurate knowledge of this quantity is obviously extremely useful when 
trying to figure out what happens in a collision of two protons at high 
energies. The results I shall show are from a recent analysis by Pekka 
Piril!i and myself 4
)
. Similar analyses have been p erformed also by 
several other authors 2 ) , 5 )-9 ) _ Our results are in a. reasonably good 
qualitative agreement with those of most of the other analyses ,  although 
important quantitative differences occur. 
Let us begin with a very brief summary of the most important 
features of the experimental data, as seen in momentum space 1 0 )  
1 )  The total proton-proton cross-section increases by ( 1 0±2 )% in the 
NAL-ISR energy range l l )- l 4 ) ,
*) . Most of this rise is due to the 
inelastic cross-section, which increases from ( 32 . 3±o. 4 )mb at 
Vs= 23 . 4  GeV to (35 . 6±0. 5 )mb at /;'= 53 GeV. Also the elastic 
cross-section is increasing, roughly by 1 0% (�1 mb ) over the same 
energy range . 
*) Recent lllAL data of the Michigan-LBL Collaboration [!let . 1 4  LJ cast 
some doubts on the simple behaviour of cr tot suggested by the other 
NAL and the !SR results. 
2 ) The real part of the nuclear amplitude at · t = 0 changes sign around 
Plab = 200 GeV/c , crossing from negative to positive values 
1 5 ) 
3 )  The small t slope ( j t j  � 0 . 1 5  GeV 2 )  of the differential cross-section 
increases with energy , roughly logarithmically. Parametri zing this 
shrinkage in terms of a Pomeron pole yields Dip = 0. 27 ± 0. 05 Gev-2 
1 6 ) - 1 3 )  
4 )  
5 )  
The differential cross-section shows clear structure:  
The "local 1 1  slope b 
around t "' -0 . 1 5 GeV2 
of do/d t 
1 7 ) 
changes rapidly by 
The break observed at lower energies at t "'  -1 . 3  GeV2 has developed 
into a beautiful diffraction minimum at the ISR (see Fig. 2 ) 
1 9 )  
Now we will study how this information i s  used to find Ginel ( s , b ) .  
We shall skip mos t o f  the technical detail s  here , and concentrate on the 
results 4 ) 
The procedure is as follows . First we solve for Imhe1 ( s , t )  
and Rehe1 ( s , t )  from the data on do/dt .  For this we need to know the 
elastic phase .  Experimentally the phase is known only at t = o. The most 
reasonable way to e stimate the phase at t f 0 is to assume that the dip 
at t = -1 . 3 GeV2 is caused by the imaginary part vanishing there and to 
estimate Reh81 ( s , t )  at other t values using a smoothness criterion and 
the well-known relation be tween the phase and the shrinkage of the ampli­
tude 20 ) . Fortunately it turns out that Ginel ( s , b )  is almost totally 
insensitjve to any reasonable variation of the phase.  Even a rap idly 
varying phase , corresponding to Dip > 1 -2 GeV , would change the results 
less than 1 %. The amplitude is assumed to be purely non-flip.  
The second step consists of Fourier-Bessel transforming Imhe1 ( s , t )  
and Rehe1 ( s , t )  into the b space representation. The resul ting functions 
Imhe1 ( s , b )  and Rehe1 ( s ,b ) are then inserted into the Eq . ( 2 ) ,  and this 











EcM = 53.2 GeV 
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-£:�§1;:!:: _� - Differential cro ss-section of pro ton-·p,i;.oton elastic scattering at centre-of-mass energy 'l/ s  � 5 3  GeV 
l]i.achen-CERN-Harvard-Genova-Torino Collaborat ion,  Ref. 1 9  IJ .  
The above procedure is straightforward but requires careful work . 
An illlportant point to notice is that if one is interested in the d e tailed 
behaviour of Ginel ( s , b ) ,  it is better to numerically transform the data 
than to first parametrize them using some simple formulae and then to 
transform the se parametri zations. The reason for this is that the value 
of Ginel ( s , b )  at a particular value of b depends on the behaviour of 
the amplitude at all t value s .  A simple fit to the differential cro ss­
section, even if it looks very good to the eye ,  can easily cause systematic 
biases which accumulate at particular illlpac t parameters. 
Figure 3 shows our results for the total , e lastic and inelastic 
overlap functions at rs= 53 GeV. The value of Ginel ( s , b )  at b
= O  
is seen to be around 94% of the maxilllum value allowed by uni tari ty ( " the 
black disk lillli t " ) .  The meaning of this figure is that in a "head-on" 
collision, even at the highe st ISR energy, two protons have a 6% proba­
bility to pass straight through each o ther without any absorption at all . 
Indeed , the hadrons s eem to be rather airy obj e c ts The average radius 
of Ginel ( s , b )  is seen to be a little less than 1 fermi . 
To show in more detail the large b behaviour we have plotted in 
Fig. 4 Ginel ( s , b )  and Imhe1 ( s , b )  in a logarithmic scal e .  The third 
quantity shown is the eikonal o ( s , b ) ,  defined by 
-- 2. ( � _ efl(s,b) ) 
We s e e  from the figure that the amplitude is very nearly a Gaussian over 
the b 2 range from 0 to 2 (fermi ) 2 • At larger impact parameters it 
levels off. No levelling off is visible in 'the amplitude as b approaches 
O .  The inelastic overlap function, o n  the other hand , clearly flattens 
near b = o. The e ikonal shows continuous curvature without any intere st­
ing s tructure s .  At large impact parameters Ginel ( s , b ) ,  Imhe1 ( s , b )  and 
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!�����-� - Impact s tructure of proton-pro ton scat te ring at ,;-;;: 53 GeV .  
Shown are Imhe1 (s , b ) and the inelast:Lc and elastic overlap 
functions extracted from experimental dat a .  The "black d i sk 
l imit "  ind i cates the maximum value of the inelasti c overlap 
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�����-± - The amplitud e ,  inelastic overlap func �n and eikonal 
extracted from experimental data at 'I/ s ·= 5 3 Ge V . 
Notice the large b tail and the flattening of Ginel ( s , b )  
near b = 0 []'rom Ref . 4 IJ . 
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The large b tail of Imhel ( s ,  b )  is directly related to the sharp 
break of the differential cross-section at t = -0 . 1 5 CfeV2• (Remember that 
an exponential in t transforms to a Gaussian in b . ) Several authors 
have argued that this tail is due to the 2rr exchang" contribution 2
1 ) . 
The t = -1 . 3  GeV2 dip , on the other hand , does not show up at all in the 
figure. It corresponds to a small flattening of Imhel ( s ,  b) near b = o ,  
too weak to be visible in the figure. This flattening is , in fact ,  so 
weak that a very small change in Imhel ( s ,  b) near b = O would be enough 
to make the dip disappear. Thus , when looked at in the b representation, 
the diffraction minimum does not look impressive at all . It rather appears 
as being merely an accident. This point of view has 1:1een advocated by 
Henyey , Hong Tuan and Kane 7 )  
In momentum space, the flattening of Ginel ( s , b )  near b = O  causes 
Ginel ( s , t ) to have a zero around t = -0 .6  GeV2 2
) . This zero is stable 
against small variations of Ginel ( s ,  b ) and is thus obviously an import­
ant feature of the data 22 ) . It is also interesting to notice that if 
Ginel ( s , b ) would not level off near b = O , it would violate the uni­
tarity limit. This suggests that absorptive effects are at least partially 
responsible for the small b flattening. 
The results shown in Fig. 3 are in reasonably good agreement with 
those of Refs. 5 ) -7 ) ,  except that Renzi and Valin [1ief. 6 lJ have missed 
the large b tail due to their parametrization of the data. Our results 
are reliable up to b = 2.8 fermis. At larger impact parameters our solu­
tions start to oscillat e ,  and they even violate the positivity requirement 
of the overlap functions. Such oscillations are caus"d by small discon­
tinuities in the experimental data , and there is no reliaqle way to smooth 
them out. In order to study what happens beyond 3 fermis , better data are 
needed. 
The papers of Renzi and Valin 6) and Henyey et al . 7 ) may be consult­
ed for further comments on the shape of the overlap functions , the ei1rnnal , 
etc . 
�����l-��E�������-�!--Ginel ( �2�2 
To study the s dependence of Ginel ( s , b )  and , in particular , 
to answer tne question "from which impact parameters is the rise of 
cr inel coming ? 11 we have repeated the above analysis at the three other 
ISR energies ,[;'= 21 , 30 and 44 GeV. The results for Ginel ( s , b )  
are shown in Fig. 5 a .  From this figure we see that the radius of 
Ginel ( s , b )  is growing by �5% through the ISR energy range , while 
the value of Ginel ( s , b )  at b = O  stays constant at (94 ± 1 %) . The 
protons get bigger but not blacker. Correspondingly, the increase of 
the inelastic cross-section comes from a relatively narrow region around 
1 fermi. This is shown in more detail in Fig. 5b in which we have 
plotted the difference /\Ginel ( s , b )  of the rs� 53 and 30 GeV 
curves .  
Our results o n  the s dependence o f  the impact structure are 
in a good agreement with those of Amaldi 5 )  and Henzi and Valin 6 ) . They 
disagree with several model fits to the data found in the literature . 
The inelastic cro ss-section increases monotonously from low 
energies (plab < 1 0 GeV/c ) onwards ( see Fig. 6 ) .  It would obviously 
be very interesting to extend the above analysis down to accelerator 
energies .  Thi s ,  however, cannot be done in a model-independent way. The 
reason for this is easy to see.  As long as we believe that the diffract­
ion minimum at t =  -1 . 3  GeV2 is c aused by the imaginary part vanishing 
there we must conclude that � s dependence at this particular t 
value comes from the real part . By a smoo thness criterion, a large part 
of the shrinkage of dcr/dt at the nearby t values ( 0 . 5  � ! t i  � 2 . 5 )  
mus t  also b e  caused by the real part decreas ing with s .  Since the real 
part is exp erimentally not known excep t in the forward direction, the 
analysis clearly become s model-dependento Even so , it would be very 
interesting to try to analyze the plab � 30 GeV/c data, using a model 
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�����-� - a ) Inelastic overlap func t i ons calcu l a t e d  from the J;'= 
= 21 , 3 1 , 44 and 53 GeV ISR d a t a .  
b ) Differenc e o f  t h e  /;'= 53 and 3 1  G e V  inelas t i c  overlap 
fun c t i ons , 6 Gine1 ( s , b ) , showing that the cro s s - s e c t ion 
increase comes from a rather narro w region around 1 fermi . 
















• PISA- STONY BROOK 
• { CERN-ROME 
PISA-STONY BROOK 
O'--��-'-�L..-��-'----'���_._-L-----1 
1 10 100 
PL (GeV/c) 
1000 
Figure 6 - Total , inelastic and elastic proton-proton cro ss-section 
-------- versus the l aboratory momentum. From R ef .  23 ) .  
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3 .  - IMPACT STRUCTURE OF INELASTIC DIFFRACTION 
As we have seen in the previous section, elastic scattering has 
a central profile which peaks at b = O. Inelastic dj_ffraction, in which 
one or both of the colliding particles get excited , i.s probably also a 
shadow processo We may then ask : is its impact profile very similar to 
that of elastic scattering ? Does it also peak at l> = 0 
Many people have speculated that the answer to these questions 
is no , and that the impact profile of inelastic diffraction peaks at the 
edge of the absorption region. Such a beliei' is base:d partially on in­
tuition, partially on field theoretical model calculations. Unfortunately 
our classical intuition might not b e  a good guide at all in the world ol' 
quantum phenomena. The field theory calculations, on the other hand , are 
very interesting, but not really realistic enough to be reliable for this 
particular question. 
An extremely interesting observation is that one may actually 
calculate the impact distribution of inelastic diffraction from the expe­
rimental single particle spectra. Such an analysis was recently performed 
by Sakai and White 9
)
. The analysis goes along similar lines as our ana­
lysis ol' the elastic scattering . There is ,  however, one crucial difference 
between the two analyses , due to the fact that in the1 inelastic diffraction 
the spins and the helicities of the excited systems are not fixed . The 
Fourier-Bessel transformation of the amplitude reads : 
Here , J is the spin of the excited system and 6A is the net s channel 
helicity flip of the amplitude.  In elastic scattering , the protons have a 
fixed spin, and the assumption of the helicity flip amplitudes being small 
at high energies is probably a good one . Hence we had only one amplitude 
to consider, and we performed the transformation using the zeroth order 
Bessel function J0 (tt[::t) .  In inelastic diffraction, however, s channel 
helici ty is experimentally well known not to be conserved. Consequently, 
one must consider several spin and helicity amplitudes , and this complicates 
the analysis .  
Experimentally , the spin and helicity structure of low-mass 
inelastic diffraction is relatively well known 25 ) . When the mass of 
the excited system increases ,  the spin of the system grows rapidly. 
Regarding the helicity structure , the data are more or less consistent 
with helicity being conserved in the t channel.  By crossing from the 
t channel into the s channel one can express the dominant t channel 
helicity non-flip amplitude in terms of the s channel amplitudes. 
These may then be transformed into the b space,  using the relevant 
Bessel functions J 0 , J1 , etc. 
Figure 7 shows the decomposition of the imaginary part of the 
elastic amplitude at � 53 GeV, calculated assuming exact t channel 
helicity conservation in inelastic diffraction 9 ) . We see that the dif­
fractive shadow GD (s,b)  has a peripheral profile the diffractive pro­
duction happens at the edge of the absorption region around b � 1 fermi. 
The assumption of exact t channel helicity conservation is actually not 
at all crucial for obtaining a peripheral GD( s , b ) .  Any combination of 
amplitudes with a "reasonable "  amount of s channel helici ty flip would 
give a peripheral result for the diffractive shadow. It would be inte­
resting to study this problem in detail, varying the spin and helicity 
structure of the excited systems . 
The picture of inelastic diffraction happening at the edge of  
the interaction region has many virtues. For example , it provides an 
elegant explanation for the strong mass slope correlation exhibited by 
low mass diffraction. Experimentally ,in all low mass diffractive pro­
cesses the slope of differential cross-section varies strongly with the 
missing mass, being large near the threshold and decreasing rapidly with 
increasing missing mass. It has been known for some time that the standard 
Deck model explanation for this phenomenon encounters very serious diffi­
culties when the data are analyzed using a more sophisticated multidimen­
sional procedure 2
7)
. Such an analysis is illustrated in Fig. 8. Our 
present peripheral picture of inelastic diffraction avoids these diffi­
culties by explaining the mass slope correlation as follows 26) 
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Variation o f  the slop e p arameter b as a function o f  the 
invariant mass m (nn+ ) determined from the 1 9  GeV/c data 
of the pro c e s s  pp --+ pnn+ . While the standard method of 
analys i s  gives a qualitative agreement be tween the data 
and the Deck model calculat ion, a s triking disagreement 
is revealed by the mul tidimensional analysis of Ref . 27)  
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Consider the process pp � pN*, where N* stands for any 
low mass diffracti ve state , resonant or non-resonant. The system N* has 
mass M,  spin J and helici ty 1' .  Let us  now assume that the amplitude 
of this process has a peripheral shape in the impac-c parameter space.  To 
simplify the argument we first consider a 
dependence on M, J and 61' 
funct:Lon shape and ignore any 
= b(b-R) ( 6 )  
where R �  1 fermi . The Fourier-Bessel transformation gives 
-- J bdb J�(bf-t) SCb-R) J�(P.M') 
(7 ) 
Giving the impact distribution a finite width would modify the result, in 
the first approximation, by a smooth "modulating function " ,  such as eat 
Thus we have a representative t space amplitude 
The differential cross-section is given by 
dO"' 
dt dt12. = 
( 8 )  
When the mass o f  the excited system i s  close t o  the threshold , 
its spin J (M2) is low and the contributions of the helicity flip ampli­
tudes are small. Correspondingly , the shape of the t space amplitude 
is approximately that of the Bessel function J0 (R,/':t ) .  For R� 1 fermi , J0 (R{:t) has its first zero at t "' -0 . 2  Gev2 • Hence,  according to this 
description, the experimentally observed very steep slope of the low mass 
diffracti ve states is caused by a zero at small t values in the dominant 
helicity amplitude and not by a large value of the e:x:ponential slope in t. 
This zero is partially washed out by the contributions of the flip ampli­
tudes, those of the real part and by non-Pomeron 11low energy effects".  
Increasing the mass of the excited system, helicity flip amplitudes get 
stronger and the differential cross-section rapidly flattens out. (Remember 
that an amplitude with helicity flip �A vanishes in the forward direction 
as 1.;=; l �A ) .  This development is illustrated in Fig. 9 . 
Figure 1 0  shows the differential cross-section of the process 
pp � p (nrr+ ) at 1 9 GeV/c , for 1 . 2 ,::: m(nrr
+ ) ,::: 1 . 3 GeV 29 )
,*) To illus­
trate the above arguments we have drawn in the figure the curve 
B e�t , 
with A =  61 . 2 ,  a =  5 Gev-2, R =  5 . 46 Gev-1 "" 1 . 07 fermi , B =  3 and b = 3 . 6  Gev-2 • 
The Bessel function term represents our Pomeron and the second term a 
smooth background . For a detailed analysis of these and other data within 
the peripheral picture see the recent paper by Humble 31 ) . 
Assuming that our present picture of the peripheral impact struc­
ture of inelastic diffraction is a correct one , and that the masking of the 
small t zero is caused by non-Pomeron effects, we are led to a very inte­
res,ing prediction. We eXPect that at the NAL-ISR energies the inelastic 
spectra should exhibit a diffraction minimum around I t ! = 0. 2-0. 4 GeV2 , 
for mass values near the threshold (M :5 1 . 3 GeV).  The exp erimental dis­
covery of such a diffraction zero would obviously be a striking confirm­
ation of the peripheral picture of inelastic diffraction. 
Finally , a theoretical remark. As far as one believes that the 
inelastic diffraction is shadow scattering, one can try to calculate it 
from the non-diffractive production using s channel unitarity. Such a 
calculation is much more difficult than that of elastic scattering. The 
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Schematic illustration of the origin of the mass slope correlation in the 
peripheral model of inelastic diffraction,  a ) M 2 small . The non-flip 
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- Differential cross-section for the process pp � pnn + 
at 1 9  GeV/c , for mass values 1 . 2  < m (nn+ ) < 1 . 3 GeV. 
From Ref . 29 ) o  The curves are draVin to illustrate the 
peripheral mechanism. a )  - . - . - = contribution of th<?-- 2 imaginary part of the non-flip amplitude = Aeat [ J0 (R�-t ) [  • 
b )  - ---- = smooth background = Bebt  which includes  the 
contribution of the real part . c )  = sum of a )  and b ) .  
The curves are only for illustration ,  no fit is attempted . 
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reason for this is that , in the inelastic case,  one :ls dealing with 
mul tiparticle uni tari ty (i . e . , one must study the transition amplitudes 
between arbitrary multiparticle states ) . It seems to us, however, that 
as long as we do not even know how to calculate the elastic amplitudes 
in any reliable way, there is little hope to make a breakthrough in the 
much more complicated inelastic problem 
*) 
4. - THE ORIGIN OF THE RISE OF 0 tot 
The results of Section 2 clearly provide s·orong constrain ts for 
the theoretical models of multiple production. Any model proposed to explain 
the rise of the total cross-section must also properly describe the impact 
distribution of this rise. Here we comment on some explanations proposed 
for the rise of a tot• We shall also make a suggest:con of our own why 
the rise of the cross-section comes from the edge of the interaction 
region. 
By geometrical scaling we mean that the inelastic overlap func­
tion, which generally is a function of two independent variables s and b ,  
becomes a function o f  one variable only : 
G .  t(s,\>) u1• Ginel(i&)) ( 1  o ) 
Her" • R(!!) is an arbitrary function of s .  
*) Some interesting progress in this problem was recently made by Bia;!,as 
and Kotanski 32 ) .  These authors calculated the inelastic diffractive 
ampii tudes using as the input the uncorrelated j ei; model amplitudes ,  
suitably generalized for arbitrary m � n  processes. Al though the re­
sults do not necessarily have much to do with Nature , the analysis is 
still very interesting. This is one of the few serious attempts to 
make practical calculations for inelastic diffraci;ion we know of . 
The idea of geometrical scaling of the overlap function has been 
put forward by the Copenhagen group 33 ) ,  in the context of trying to find 
a geometrical explanation for the Koba-Nielsen-Olesen multiplicity scaling 
[2- . e . , that f (n , s ) = < n >  (0,jo ) s:::;ro 'l' (n/< n >lJ ·  I t  is  fairly easy to see 
that if a )  the overlap function satisfies Eq. ( 1 0 ) , b) the average multi­
plicity at a particular impact parameter has the factorizable form 
ii ( s , b )  = ;:J'( oinel ( s , b ) ) • f ( s ) ,  and c )  the multiplicity distribution at 
each impact parameter is relatively narrow, then KNO scaling follows . 
The geometrical scaling law Eq. ( 1 0 )  is an ad hoc hypothesis 
and has no theoretical basis .  An interesting point , however, was recently 
made by Phillips 34 ) .  He observed that a simple Regge dipole ansatz for 
the Pomeron would satisfy exact geometrical scaling . 
By looking back at Fig. 5 ,  we see that the experimental data 
satisfy the geometrical scaling law Eqo ( 1 0 )  amazingly well . If we are 
allowed to scale  the four curves by an arbitrary s dependent radius , 
we can put them exactly on the top of each other 
In spite of the above experimental success of the geometrical 
scal ing law, we have grave doubts about the general validity of this idea. 
We shall present our arguments below, while making our own suggestion for 
the s dependence of Ginel ( s , b ) .  
b )  Inelastic diffraction 
Since the experimental discovery of diffractive excitation of 
heavy mass states last year at the CERN ISR 35 ) ,  it has been suggested 
by many people that these processes are the cause of the total cro ss-section 
rise 36 ) .  Phenomenological analyses of the data on pp � p+X indicate that 
the rise of the diffractive cross-section may well be large enough to explain 
most or all of the rise of 
tely settled 37 ) 
0inel ' although the question is not yet comple-
385 
386 
In the previous section we argued that the inelastic diffraction 
has a peripheral impact parameter structure . This fits well with the pic­
ture of diffraction being the cause of the rise of "tot '  since we saw 
earlier that this rise is coming from the impact parameter range around 
1 fermi. However, even if the overlap function GD (s ,b ) itself would be 
peripheral , this by no means would guarantee the peripherality of the �-
� of the overlap function, ll GD (s , b ) . It would be very interesting 
to study the s dependence of GD( s , b ) . This could be done , for example , 
by performing the Sakai-White analysis at several energies , using as the 
input the detailed triple Regge fits to the diffract�ve spectra now avai­
lable.  
Up to  now we have carefully avoided discusBing the analytic 
structure of the Pomeron. Here we shall briefly comment on this problem 
and present a criticism, due to Blankenbecler 3s J ,  of' the previous idea 
that inelastic diffraction is the cause of the rise of 0 tot• 
Let us write the s channel uni tari ty equation as 
Im he1Cs,t) = Gd.<.s,-t) + G0cs,t) + Gre1>(s,t) 
( 1 1  ) 
The first two terms Ge1 (s , t ) and GD (s , t ) contribute a posi­
tive cut contribution to the elastic amplitude .  Hence,  if the non-diffract­
ive shadow GND (s , t ) would be a Regge pole at a(O)  ' '  1 and th� rise of 
oinel would be solely due to the dif'fractive component GD( s , t ) , the 
Pomeron would be the sum of a pole plus positive cuts .  Such a structure , 
however, has a bad theoretical 
tions are commonly believed to 
support the negative sign ( the 
reputation, and the leading cut contribu­
be negative 39 ) .  Also experiment seems to 
t = -1 . 3 GeV2 diffraction minimum of pp 
scattering is usually interpreted as resulting from a cancellation of the 
pole and the leading negative cut ) . 
The negative cut contributions which are needed to cancel out the 
positive AFS and diffractive cuts Ge1 (s , t ) and GD (s , t j of Eq. ( 1 1 )  are 




. That elastic 
di.ffraction causes absorption is already rather generally accepted . 
Blankenbecler argued that also inelastic diffraction should give rise to 
absorption
*) . The strength of these absorptive c orrections is expected 
to be proportional to that of  the diffractive amplitudes and always strong 
enough to cancel out the positive cuts.  In some popular models ,  such as 
the eikonal model , the absorptive corrections are actually twice as strong 
as the positive diffractive cuts . Hence,  in such models the magnitude of  
the leading cut is  that given by the AFS and the diffrac tive cuts but with 
its sign reversed. The full unitarity equation, with the leading absorptive 
corrections included , is  illustrated in Fig. 1 1 .  
The above cut structure has the following simple consequence ,  
pointed out by Blankenbecler 38 ) . If the non-absorbed "driving force"  
overlap function (the short-range c orrelation component in Fig. 1 1 )  would 
be a Hegge pole at a(O) = 1 and if oD would rise , then the inelastic 
cross-section would go down and not up l 
The fact that experimentally oinel is rising instead of going 
down does no t ,  of course , imply that oD could not be rising. The point 
is that the net effect of  diffraction is negative . Hence ,  .!f_ oD rises ,  
then the non-diffractive "driving force"  must rise even more in order to 
prevent oinel from going down. Blankenbecler ' s  conclusion is that in­
elastic diffraction cannot be the pro�r explanation for the rise of oinel 
the real cause of this rise must be hidden in the non-diffractive dynamics l 
*) Blankenbecler was the first one to emphasize the importance of inelastic 
absorption in the context of the s dependence of the total cro ss-section. 
That the inelastic diffraction gives rise to absorption effects has been 
earlier argued by many people . For example , this was the argument used 
by the Michigan group to make the cuts strong enough in their "Strong-





( AFS - cut ) 
diffractive 
component 
non-diffractive short -range correlation 
component component 
absorptive corrections to the 
non-diffractive component 
���,::::__!! - Illustration of the s channel unitarity equation. 
The moral to be drawn from the above is that in the real unitary 
world cause and effect are not always related in a simple way , S channel 
unitarity , after all , connects all possible processes , and it may sometimes 
have tricky consequence s .  
Before leaving this di scussion o f  cuts and unitarity effects , 
let us do an interesting "science fiction" exercise.  Let  us s tudy how the 
inelastic overlap function would look like if there would be no inelastic 
diffraction in the world, According to the previous arguments the net 
effect of inelastic diffraction is approximately -GD ( s , b )  instead of being 
+GD ( s ,  b )  (here we buy the factor of 2 for the eikonal model ) ,  Hence,  if 
the inelastic diffraction would be "turned off " ,  the inelastic overlap 
function would be GOFF1 ( s , b )  = G
ON 
1 ( s , b )  + GD ( s , b ) ,  The result of this ine ine 
exercise , using the diffractive overlap fu..�ction of Sakai and White is 
off ( ) shown in Fig. 1 2 . We see the striking result that Ginel � looks very 
much like a black disk, saturating the unitarity limit up to '0 . 3  fermi . The 
"magical 11 6% suppress.ion from the uni tari ty limit was caused by the inelastic 
absorption I * ) . 
* ) There is a snag hidden in this argument . Since in the real world in­
elastic diffraction i s ,  after all , ON and not OFF , the black disk limit 
OFF ( ) is not really a serious limit for Ginel s , b  • This quantity could be 
1 02%, say , and the unitarity limit would be  rescued by the inelastic 
absorption. 
OFF ( However,  one might also try to argue that Ginel s , b )  itself should 
respect unitarity. This might be the case if the inelastic diffraction 
would not be a fundamental process  at all but only some kind of an un­
necessary 11leak11 effect. In such a case the non-diffractive dynamics 
should probably be such that unitarity would be guaranteed , independent­
ly of the existence or non-existence of the inelastic diffraction .  I t  
is very interesting t o  notice that i n  the uncorrelated j et model study 
of Bia�as and Kotanski 3 2 )  inelastic diffraction is , in a sense , caused 
by the kinematics and not by the dynamics .  If their calculation would 
be repeated after dropping the energy momentum functions ,  there would 
not be inelastic diffraction at all 1 There would , however ,  exist e lastic 
diffraction. This shows that elastic and inelastic diffraction are not 
necessarily always on equal theoretical footing. 
389 
390 
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1.0 6��;::::::----------- ---1 
0.5 
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b (fermi) 
GOFF (s b) inel ' 
·� 
1.5 
- "Blankenbe c l er 1 s  Pomeron " .  a ) - . - . - = G��e 1 (s , b ) from 
Fig o  3 . b ) G�K�1 ( s , b ) = G�ge1 (s . b ) + GD \ s , b ) . The dif­
fractive overlap func tion, normalized to oD = 8 . 5  mb , 
is from Ref . 9 ) .  
d )  �=�!l_g�:!���=-g:����!��� 
Experimentally , the p production cro ss-section increases by 
�6mb at ISR 43
)
. Several authors have suggested that this might be the 
cause of the total cross-section rise 
44) . According to this explanation, 
the total cross-section rise is nothing but a threshold effect, much de­
layed due to the heavy masses of the nucleon-antinucleon pairs. At still 
higher energies ,  the total cross-section will pass through several similar 
thresholds ,  associated to the production of AA pairs , �E pairs, etc. 
In the multiperipheral framework the delayed threshold of the 
NN production is caused by a kinematic "t-min effect" 
45) -43 ) . It is  
fairly easy to  see  that the strength of such a t-min effect depends on 
the masses of the produced particles in such a way that the spectra of the 
light particles approach their scaling limits fast,  while those of the 
heavy particles will scale very slowly. It has also been argued that in 
the multiperipheral model the threshold rise associated with heavy particle 
production should not be compensated by a decrease in the rest of the cross­
section 44) • What remains to be shown is that the model also describes 
properly the impact structure of 6 Ginel (s ,b ) . This is  a hard problem 
since it is not even known if the model can fit the shape of Ginel (s ,b ) ,  
to say nothing of that of 6Ginel ( s ,b ) .  
I t  is a rather trivial , but important, observation that the fact 
that �Ginel (s ,b
) is centered at 1 fermi by no means implies that the real 
cause of the total cross-section rise must be located in the same b range. 
The point is the following. Even if the new channels opening up which cause 
the rise of cinel would be strongest at 
section shrinks , the shrinkage would make 
b = o ,  but the bulk of the cross-
6Ginel ( s , b
) peripheral . This is 
illustrated in Fig. 1 3 .  In Fig. 1 3a,  we show the case of 
constant but do/dt shrinking Ginel ( s , b
)  goes down at 
0inel 
b = O  
staying 
and up at 
b > 1 fermi. Figure 1 3b shows how the situation would be modified if some 
new additional � channels would open up . We see that such channels 
could easily compensate the decrease of Ginel ( s ,  b )  at b = 0 and make 
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Illustration of how central channel<: opening up may 
generate a peripheral �Gine1 ( s , b ) .  a )  The inelastic 
cross-section stays constant but the elastic differ­
ential cross-section shrinks . Gine1 ( s ,b )  decreases 
at b = 0 and increases at b >1 fenni o b) Same as a )  
but some new additional channels open up causing the 
inelastic cross-section to rise. The new processes are 
central , and they compensate the decrease of Gine1 ( s ,b=O ) 
due to the shrinkage . As a result , the cross-section 
increase appears peripheral. c )  The difference of the 
two overlap functions of b ) .  
If we are allowed t o  guess ,  this is what i s  actually happening 
in nature.  A clear hint in favour of such an explanation may be found in 
the behaviour of Ginel ( s , b )  at energies below the NAL-ISR range . We 
argued earlier that,  in order to find Ginel ( s , b )  at accelerator energies , 
one must pay careful attention to the real part of the amplitude. Something , 
however ,  may be said without such a detailed analysis. The value of 
Imhe1 ( s , b )  at b = O  is nothing but the integral of Imhe1 ( s , t )  over all 
t values : 
00 
Im.fletls,b=o) ::::. 5a(-�) lm ku(s,-t} 
0 
Now, the forward value of Imhe1 ( s , t )  (i . e . ,  the total cross-section) 
stays constant (or decreases slightly) from low energies to the beginning 
of the NAL energy range . Hence ,  unless � of the considerable shrinkage 
experimentally observed is due to the real part , Imhe1 ( s , b=0 ) is de­
creasing in this energy range . The same holds for Ginel (s ,b�O ) , unless 
Rehe1 ( s , b=0) is very strong. A rough numerical estimate ,  using an ei­
konal model description for the phase , ind icates that Ginel (s , b=O) is 
around "'96% of the black disk limit at 30 GeV/c 
49 ) 
Figure 1 4  shows Ginel ( s , b=O) as a function of the energy. To 
illustrate the above arguments we have drawn in the figure a curve calcu­
lated using a Pomeron pole ap ( t ) = 1 . 06+0 . 35 t ( the central production is 
effec tively described by taking the Pomeron intercept to be above 1 ) . 
To summarize : we expect that the extraord inary constancy of 
Ginel (s, b=O) at the ISR energies is due to this quan tity pass ing through 
a broad minimum. This behaviour results from the competition between the 
new channels opening up and the shrinkage of the bulk of the cross-section. 
At energies above the ISR range Ginel ( s , b=O) will probably rise and 
finally slowly saturate the unitarity limit. 
We already briefly discussed the multiperipheral ideas of p 
Here we want to comment on an alternative geometrical pie-produc tion .  
ture 5o) . In such a picture heavy particles are expected to be produced 
in small impac t parameter collisions .  The peripherality of 6 Ginel ( s , b )  
may then b e  explained b y  the above compensation Jilechanism. 
In the geometrical approach, the protons are pictured as extended 
obj ects with a two -dimensional mass or energy distribution in the impact 
plane . In a peripheral collision, the matter overlap is small and the lon­
gitudinal momentum is no t balanced locally in the impact plane. Only a few 
secondaries are produced
* ) . The local energy density is everywhere below 
* ) A popular assumption is that the multiplicity is proportional to the 
matter overlap. This may be a reasonable approximation but probably 
cannot hold exactly. For a very interesting analysis , see the recent 
work of Bia�as and Bia�as 5 1 ) 
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i.ool-----------------· ----"1 
0.90 t- : ap (I) = 1.06 • 0.351 
I I 
102 103 10• 
s (GeV'J 
Inelastic overlap function at b = 0 vs. s .  
� = results of Ref. 4 ) based o n  ISR data. � = rough 
estimates at 24 GeV/c. The error bars of the· latter 
are not reliable.  The curve is an illustration of our 
explanation for the constancy of Gine1 (s ,b=O ) over 
the ISR energy range , calculated using °'p (t ) = 1 . 06+0 . 35t. 
the threshold density required for NN pair production. Thus no NN' s  
are produced. In a central collision, the matter overlap is large , and 
the longitudinal momentum is balanced locally. In this case many second­
aries are produced. In the central part of the interaction region the 
local energy density exceeds that required for the production of NN 
pairs . Consequently, some NN' s are produced. The :picture applies to 
the NAL-ISR transition energy region in which the antiproton spectra are 
still rising fast.  
a) 
!����-!� - Geometrical picture of  hadron-hadron collisions 
a ) Peripheral collision. b ) Central collision. 
b) 
In addition to the multiplicity, many other properties of the 
"head-on" collisions are expected to be different from those of the bulk 
of the collisions. For example, the associated pion spectra should be 
more central than usual. Also , the pro ton spectrum which normally exhibits 
a strong leading particle effect is  expected to be much more central than 
usual and might even peak at x =  o .  Finally, heavy particle production 
should be much more frequent than in the average collisions. 
The above predictions can be experimentally tested , for example ,  
by studying the properties of the events i n  which at least one p i s  pro­
duced . Such a study is  expected to be  a particularly good way of discri­
minating between the geometrical and the multiperipheral pictures 5 2 )  
The multiperipheral model predicts that the events with heavy particles 
produced would look essentially similar to those with only pions pro­
duced . Some predictions of these two pictures are summarized below. 
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QUANTITY MULTI PERIPHERAL NAIVE GEOMETRICAL MODEL PICTURE 
< nch > < nch >p < < noh > < nch >- ;o>: < nch > p 
pion spectra as usual or c entral flatter more 
leading proton as usual more central , may spectra * ) ever. peak at X =  0 .  
Table - Predictions for some quantities when measured 
using events in which at least one P is produced.  
5 .  - CONCLUSIONS 
We emphasize here several points. 
A) - At a certain impact parameter the elastic amplitude is  built up by 
the amount of absorption to inelastic channels  at the same impact 
parameter. This follows from angular momentum conservation and 
makes the impact parameter representation very suitable for the 
study of the s channel unitarity effects. 
B) - The inelastic overlap function can be calculated from the elastic 
scattering data. Our analysis of the proton-proton data shows 
that : 
a ) Imh81 (s , b ) is very nearly a Gaussian over the t
2 range from 
O to 2 (fermi ) 2 ; at larger impact parameters it levels off 
this large b tail is directly related to the sharp break of 
the differential cro ss-section at t = -0 . 1 5  GeV
2 
b ) Ginel (s , b ) bends down near b :::: 0 ; in t spac e ,  this corres-
ponds to a zero of Ginel ( s, t ) around t = -0 .  6 GeV
2 this 
zero we regard as direct evidence for the importance of the 
absorptive effects 
* ) "Leading proton spectra" = difference of the proton and antiproton 
spectra. 
c )  at b = o ,  the value of Ginel ( s , b )  is ( 94±1 )% of the maximwn 
value allowed by unitarity ; it stays constant through the ISR 
energy range ; 
d )  the rise o f  the total cross-section comes from a relatively 
narrow region around 1 fermio 
These results obviously provide strong constraints for the theoretical 
models of multiple production. 
C) - The impact structure of the inelastic diffraction may also be solved 
from the experimental data. If s channel helicity flip amplitudes 
contribute appreciably,  the diffractive shadow has a peripheral pro­
file peaking at b "'  1 fermi. Detailed analyses of the sensi ti vi ty 
of this conclusion on the spin and helicity structure of the product­
ion are urgently needed. 
D) - The peripheral picture of the inelastic diffraction provides an 
appealing explanation for the strong mass slope correlation of low 
mass diffraction experimentally observed . We predict that at the 
NAL-ISR energies the inelastic spectra should exhibit a diffraction 
minimum around l t l = 0 . 2 - 0. 4  GeV2 , for mass values near the threshold 
(M :5 1 . 3  GeV ) .  
E )  - Blankenbecler • s  argument shows that the unitarity effects should not 
be forgotten when discussing the total cross-section rise.  It suggests 
that the rise is  not due to the inelastic diffraction but to non­
diffractive dynamics.  
F )  - We explain the constancy of Ginel ( s , b )  at b = 0 at the .ISR energy 
range as a "fake-effect" ,  caused by this quantity passing through a 
broad minimwn. This behaviour results from the competition between 
the new central ch2.Il!lels opening up and the shrinkage of the bulk of 
the cross-section. 
G) - The study of antiproton production should be a particularly good way 
of discriminating between the geometrical and the multiperipheral 
pictures .  Some predictions are given. 
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H) - While studying the total cross-section rise it is important to keep 
in mind that our hadron world is not simple at a.1 1 .  The total cro ss­
section is a very complicated quantity, receiving contributions from 
elastic scattering, inelastic diffraction, non-diffractive production 
of pions , kaons , NN pairs , etc . All these mechanisms are coupled 
by s channel unitarity. Hence it may well be that there is no 
simple explanation for the total cro ss-section rise in terms of a 
particular isolated set of processes but the ri<1e is a much deeper 
collective effect. 
I) - Finally , we feel that the s channel approach has many simple and 
attractive features .  I t  should be pursued further, in the hope that 
it will lead us to a deeper understanding of hadronic phenomena. 
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